A systematic application of the MP procedure [Baggio (2019) . Acta Cryst. C75, 837-850] to a subset of Z 0 = 4 structures in the literature revealed a number of suggestive properties in many of the cases analysed, which allowed us to conclude that: (i) very few of those structures showed no pseudosymmetry (PS) whatsoever linking any of the possible moiety pairs in the asymmetric unit (AU), the vast majority disclosing, instead, at least two (and frequently more) molecules linked by these PS operations; (ii) on occasion, two pairs of molecules were related, each by the same PS element, enabling the resulting pair of dimers to be viewed locally as a Z 0 = 2 rather than a Z 0 = 4 case; (iii) sometimes all four moieties in the AU appeared interrelated by PS relationships, closely suggesting a distribution of symmetry operations as found in real space groups; (iv) in many cases, this resemblance was of a superior quality, leading to surprising local replicas of real space groups in the reduced realm of the AU, thus locally reducing the description to a Z 0 = 1 one. Through a systematic application of the MP procedure, we analyze in this article a number of these latter cases, which proved to be surprisingly common, far beyond any original expectation, and leaving open the question about the eventual reasons for the phenomenon, which would certainly merit appropriate theoretical attention. research papers Acta Cryst. (2020). C76, 258-268 Ricardo Baggio Playing around with MP 259 research papers 266 Ricardo Baggio Playing around with MP Acta Cryst. (2020). C76, 258-268
Introduction
We have recently presented a simple graphical method, the MP procedure (Baggio, 2019), for pinpointing pseudosymmetry (PS) elements in Z 0 > 1 structures. The systematic use of this approach to the analysis of structures with multiple equivalent moieties in the asymmetric unit (AU), in the present case, focussed on Z 0 = 4 structures, has allowed us to disclose a striking tendency of these (in principle independent) units to be pairwise related by simple PS relationships, and in many cases these PSs showed local closure 1 mimicking in a local fashion the disposition in real space groups. The main scope of the present work (which should be considered a complementary continuation of the original one) is to present a number of these latter cases which the systematic application of the MP procedure showed to be unexpectedly numerous. The close observance to real space-group relationships between PS elements found in most of these examples suggests the possibility of some interesting theoretical implications arising from their very existence, a fact which suggested us that a detailed description of the cases found could be of future value. ISSN 2053 ISSN -2296 # 2020 International Union of Crystallography As commented on in the original article, the MP strategy consists of a dual approach: the most relevant is the graphical one, which is extremely powerful and with no a priori limitations, and consists of analyzing with some of the generally available graphical tools, viz. Mercury (Macrae et al., 2020;  free software) and XP (Sheldrick, 2008; commercial) , the three-dimensional (3D) disposition of the mid-points between equivalent atoms (for the sake of simplicity, H atoms are ignored in the analysis). If derived from a PS relationship, these mid-points are disposed according to particular shapes, from whose analysis it is possible to guess the kind of PSs linking them. These shapes can be single points (suggesting inversion centres), straight lines (possible twofold or screw axis), planar arrays (pointing to mirror or glide planes), molecular ghost images (meaning some kind of translation or centring), etc. A complementary step consists of an attempt to recognize the eventual symmetry elements by way of a simple analytical procedure, which proved efficient when these elements are oriented either parallel (lines) or normal (planes) to the reference axis. In these cases, a clear description of these PS elements and their relative disposition is generated from which the (eventually) mimicked space group can be figured out. Occasionally, it is found that the PS elements in the asymmetric unit (AU) define a pseudo-crystal system of higher symmetry than the original (e.g. a pseudoorthorhombic AU within a monoclinic host, with orientations parallel to a, b and c*; see, for instance, Garraza et al., 2019) , and even in this case (with a value departing moderately from 90 ) the strategy may still be successful. When this is not the case (for instance, in severely distorted triclinic systems), it is useful to take advantage of the fact that because the problem is eminently local, we do not need to deal with a real crystallographic reference frame: it is perfectly admissible to make coordinate transformations to define new arbitrary axial directions along each mid-point line. In the case of a pseudoorthorhombic AU, just three consecutive transformations with WinGX (Farrugia, 2012) will suffice to have an ideal description, viz. with pseudo-cell axes and PS axes/planes in approximate parallelism. Some of these linear PS elements are adorned with some recurrent properties; one of the most frequent is that, when mimicking an orthorhombic system, twofold or 2 1 screw axis subtend striking right angles to each other, and when immersed in a real monoclinic environment, usually two of them align with two orthogonal axis in the original cell (a,b or b,c) and the third points to the remaining (orthogonal) reciprocal direction (a,b,c* or a*,b,c).
The results of our analysis are presented in an abridged way, mainly in the form of a graphical representation and grouped as Case studies 1, 2, 3 and 4, according to their complexity. In particular, for the latter group, consisting of 24 cases (4a to 4x), only eight will be included in the main text. However, the interested reader will find the complete information for all the cases investigated deposited as supporting information SI_nm, where n = 1, 2, 3 or 4 indicates the Case study and m is a sequential ordering letter (a, b, c, etc.) .
An understanding of the material deposited in these Case studies will be greatly facilitated by some guidelines included in the deposited file Preliminary remarks, a consultation of which is strongly recommended. In addition, we suggest readers not familiar with the MP procedure to refer to the original article (Baggio, 2019), as well as an associated Scientific commentary (Brock, 2019) .
Results and discussion
The concept of PS is a partly subjective and observer-dependent one. In terms of the MP procedure, we shall refer to PS when (as assessed by visual inspection) the loci of the midpoints between two molecules conform to some familiar pattern, which can be points, lines or planes. Along the same line of reasoning, we shall speak of a lack of PS when any attempt to determine any of these patterns fails, irrespective of the efforts made. The geometrical quality of the loci looked for can vary from perfect to barely recognizable, and the very lack of precision assigned to the PS term gives room for a broad spectrum of interpretations, strongly depending on the analyst. Anyway, and even with these limitations in mind, there is always the temptation to classify somehow the structures analyzed according to their degree of PS, irrespective of the fact that we do not have a proper definition of the PS property, and, accordingly, a trustable measurement tool for the purpose. At the time of writing this report, there were 4861 Z 0 = 4 cases in the Cambridge Structural Database (CSD; Groom et al., 2016) , from which we isolated for our study about 300 (with an arbitrary filter for those which had likely been reported with a deposited .hkl data set, viz. published in Acta Crystallographica Sections B, C or E).
Case study 1: an incipient symmetry
Even if accounting for less than 7% of the total number in the CSD, the sample analyzed is large enough to make a surprising conclusion: there are very few Z 0 = 4 structures where the eye cannot detect any kind of relationship between some of the independent moieties, at least in the way disclosed by the MP computer program (hereinafter referred to simply as MP). In fact, the most frequent case is that where at least one pair (but usually more) of the moieties in the AU are related by a clear pseudosymmetric relationship (very frequently, a twofold or a screw axis). This can take place through two molecules (a and b) associated into a symmetryrelated pair (ab), with no symmetry link to the remaining molecules (c and d), or as two pairs (ab and cd), each defined by (similar or different) PS operations, unrelated to each other, as can be the case, for instance, when the symmetry elements involved are two axes subtending an arbitrary noncrystallographic angle between them). In order to give an idea of the way in which these cases are observed through an MP run, we present in Fig. 1 some prototypic examples (Cases 1a to 1d, more information is available in the supporting information as SI_1a to SI_1d), where the loci of the midpoints associated with some pseudosymmetry (mainly lines suggesting twofold or screw axis) are drawn in colour, while those without any clear interpretation are shown as empty balls. Entry 1e, in turn, shows a case which appeared too cumbersome to be amenable to interpretation, but which exemplifies the complexity of the different pseudosymmetry relationships which may exist in a Z 0 = 4 structure. It is a P2/n (Z = 4, Z 0 = 4) structure, in which the whole unit cell has been analyzed. The loci due to the real symmetry elements in P2/n (viz. À1, 2 and n) can be found by studying only one of the independent moieties (e.g. molecule a) as if it were a Z 0 = 1 case, and are those depicted in red. In contrast to this extremely simple geometry for the real symmetry elements, the loci due to the many PS operations in the Z 0 = 4 case are shown in cyan. The overwhelming difference in complexity is apparent. (It should be noted that in this example, the molecules are basically planar and the n-glide planes, which should appear as spread planar arrays when viewed along b, have here an intriguing linear shape running top to bottom in the figure.) As a second peculiarity, in this singular example, where the eye could be easily misled by this anomalous linear shape, MP is not deceived, detecting in a straightforward fashion the n character of the array (see #MP_xx.lst in supporting information file SI_1e).
Case study 2: dimeric pairs
We have shown so far cases where the PS elements (represented by loci ab and cd) are uncorrelated, with no clear relationship to each other. There are situations, however, where these ab and cd loci are not uncorrelated, but coalesce into one and the same single PS element. In these cases, the grouping of single molecules into dimeric pairs (e.g. a+c and b+d) as the elementary units of analysis results in two groups (instead of four), now related by one single symmetry element and locally reducing the Z 0 = 4 case into a Z 0 = 2 one. Fig. 2 presents a number of these cases (collected as Case study 2), the left column showing the Z 0 = 4 results of a conventional MP run, while the right column presents the Z 0 = 2 result after adequately grouping moieties into pairs. It is worth research papers 260 Ricardo Baggio Playing around with MP Acta Cryst. (2020). C76, 258-268
Figure 1
Case 1a is for CSD refcode ELEWAT (Bernè s et al., 2003) , Case 1b for GAKWOE (Brassy et al., 1988) , Case 1c for YADKOF (Zeller et al., 2011) , Case 1d for XICNAZ (Fun et al., 2007) or at least unreliable. Thus, defining two 'dimers', made up by a+b on one side and c+d on the other, we get a Z 0 = 2 situation with an excellent single twofold axis running along b, at (0.65, y, 0.24), and thus being noncrystallographic. Surprisingly, when the #MP_ab-cd.res file is analyzed (see SI_2e in the supporting information), it is apparent that the twofold axis is just a 'subsymmetry', and that we have a fourfold axis instead (Fig. 2c, right) . It is worth noting that this pseudo-tetragonality along b could have been anticipated by the unit-cell data, with a $ c and $ 90 .
All these examples are analyzed in detail in the supporting information (see files SI_2a to SI_2e).
Case study 3: climbing up in pseudosymmetry
Going upwards in this (subjective) PS organization, we find an even more interesting class, consisting of structures where all four (in principle independent) Z 0 = 4 moieties are in fact not quite independent but enter into a number of closed PS relationships. In what we have called Case study 3, these PSs dispose in a way suggesting a local closure, similar to that in real space groups (SGs), though with some deviations (either in positions, in shifts or in both) from any possible SG symmetry scheme. Fig. 3 shows a schematic representation of their mid-points, representing PSs. Sometimes, inconsistencies/ departures will be apparent from inspection; others are subtler and will need some explanation. We shall comment on them briefly, but a detailed analysis of each case can be found in files SI_3a to SI_3g in the supporting information.
Case 3a shows six extremely good, but different, symmetry operations, one for each possible molecule pair, thus precluding any closure possibility. Fig. 3(b) , in turn, shows the results after orthogonalization 2 with two 2 1 symmetry axes almost parallel to b (but not quite parallel to each other) and two glides (b and n) normal to c; no SG accounts for this type of symmetry. The scheme in Fig. 3(c) can be associated at first sight to a P2 1 2 1 2 disposition; the axes are closely orthogonal to each other, but the positions and shifts are difficult to conciliate with those in the real SG. Case 3d discloses good screws and glides, but with some positional problems, viz. there are parallel 2 1 symmetry axes about 1 Å apart, etc. Case 3e, once orthogonalized, presents some sort of Pb2 1 n disposition, though this is not an admissible SG, nor are the shifts compatible with the unit-cell metrics (Fig. 3e, left) . However, since there are molecular pairs related by one single 2 1 symmetry axis, adequately choosing two pairs of molecules as the elementary units defines an excellent P2 1 SG, with Z 0 = 2. Fig. 3(e, right) shows the way in which the two original dimers collapse under the application of the corresponding symmetry operation. In case 3f, four excellent inversion centres and two unit-cell translations are present, which do not comply with any type of closure. Finally, 3g shows an interesting case alerting about the possibility of getting unwitting artifacts: an almost perfect Pm2 1 n PS disposition can be obtained through a number of consecutive transformations, but it ends up being an unsustainable disposition of symmetry elements, at distances shorter that intermolecular separations. When the final PS validation test is run (viz. the application of the SG symmetry operations), no collapse of (quasi) overlaid molecules is observed (as should happen, and as in fact does happen in all the Cases 4 below), but a random superposition of molecules appears, instead.
Case studies 4: mimicking of real space groups
Surprisingly, there are many cases (24 identified in the present study, i.e. 8% of the $300 structures investigated) in which there is an unmistakable trend towards following the patterns lined up by some simple space groups. Or, in other words, once described in an adequate reference frame (not Case 3a is for CSD refcode HIDYIC (Glidewell et al., 1996) , Case 3b for LIJLOG (Butcher et al., 2007) , Case 3c for BAUSTD (Engel & Kruger, 1976) and Case 3d for TUJMIW (Sowmya et al., 2015) . Case 3e is for HUMQUB (Deng et al., 2002) and shows (left) the PS disposition in space and (right) the collapse of the dimers when the 2 1 symmetry operation is applied. Case 3f is for CSD refcode TITVAU01 (Wardell et al., 2008) and Case 3g for FUGROP (Khan et al., 2009). necessarily a crystallographic unit cell), the PS elements arrange in space trying to follow similar spatial distributions as those which real symmetry elements follow in the allowed 3D space groups, and which are easily identifiable irrespective of some eventual small departures from real symmetry. The pseudo-cell metrics usually have little to do with the real crystallographic metrics and are suggested by the separation between PS elements and their shifts, when applicable (2 1 and glides). As already advanced in the Introduction (x1), changing the reference frame to directions parallel to the PS axis, or normal to the PS planes, greatly clarifies the description. In addition, fractional noncrystallographic shifts in translational PS elements suggest a cell reduction along the axis involved (e.g. 0.25: a/2; 0.125: a/4).
However, there are two things that should always be kept in mind when dealing with this kind of PS: (a) the relationships found are only of a local realm (within the AU), for which the eventual pseudo-groups found lack the lattice translations closure property, and (b) a definite validity check which the final results should pass suggests that the molecules in the AU should collapse into a quasi-single moiety when subjected to the symmetry operations of the postulated pseudo-SG. Departures from a perfect collapse will give clues about the degree of deviation from real symmetry.
In the present analysis of around 300 Z 0 = 4 structures, we have found 24 in which the PS disposition follows, with surprising accuracy, the spatial disposition of some simple 3D SGs, and constitute Case study 4. We shall present in the main Case 4a is for CSD refcode BERSUM (Gzella et al., 1999) and Case 4b for BIJDON05 (Ng, 2011) . The colour code is as in Fig. 3. text only a restricted group of eight selected cases. A complete coverage is presented as files SI_4a to SI_4x in the supporting information. 3 The data will be presented herein mainly in graphical form ( Figs. 4-7, two cases per figure) , with three graphs for each case analyzed, viz. (a) the representation of the PSs as disclosed by MP, with the original cell (in light lining, red labelling) and the final reference frame to which the final symmetry operations are referred (in heavy lining, black labelling); (b) a scheme of the mimicked SG (sometimes in a unconventional setting). In these figures, the results from MP denoting the positions of the PSs and the corresponding shifts (in brackets) are included to allow for a fair comparison between what is obtained and the values expected for the real SG (values departing significantly from the expected ones have been adequately marked). (c) And finally, what we consider to be the most stringent validation of the PS description, the way in which all four molecules in the AU collapse under the application of the mimicked SG operations (performed using the UNIQ instruction in XP). Case 4c is for CSD refcode CICQAH (von Chrzanowski et al., 2007) and Case 4d for DUTGAB . The colour code is as in Fig. 3. In the succinct summary which follows, unit-cell parameters will appear as a set of numbers, in the sequence a, b, c (Å ), , and ( ) (but with no commas).
2.4.1. Case 4a: BERSUM (Gzella et al., 1999) . Results are summarized in Fig. 4 (see 4a) . Full details are available in file SI_4a in the supporting information.
2.4.2. Case 4b: BIJDON05 (Ng, 2011 Results are summarized in Fig. 4 (see 4b) . Full details are available in file SI_4b in the supporting information.
ADDSYM (Spek, 2009 ) finds the same PSs as MP and suggests the same transformation, confirming it is not just a local case of PS, unrelated to the real structure. The degree of pseudosymmetry can be grasped in Fig. 4 (see 4b) , where the eight moieties in the cell have been forced to collapse into one by the P2 1 /n pseudosymmetry. Basically, only four moieties survive, since the remaining four are linked by a real symmetry operation (the 1, shared by the P1 and P2 1 /n descriptions) and are thus indistinguishable.
On the other hand, there are a number of reported polymorphs of the BIJDON family. For the present case, the most relevant are BIJDON02 (Agmon & Herbstein, 1982) , BIJDON04 (Sarma et al., 2010) and the present one, BIJDON05 (Ng, 2011) , with the following characteristics: Case 4e is for CSD refcode GUFKAT and Case 4f for LEFRIZ (Khalaji et al., 2012) . The colour code is as in Fig. 3 .
Results are summarized in Fig. 6 (see 4e) . Full details are available in file SI_4e in the supporting information.
2.4.6. Case 4f: LEFRIZ (Khalaji et al., 2012) . Results are summarized in Fig. 6 (see 4f) . Full details are available in file SI_4f in the supporting information.
2.4.7. Case 4h: NOZVIH (Dobson & Gerkin, 1998 Results are summarized in Fig. 7 (see 4h) . Full details are available in file SI_4h in the supporting information.
2.4.8. Case 4i: QIMMAA (Bats et al., 2001) . Results are summarized in Fig. 7 (see 4i) . Full details are available in file SI_4i in the supporting information.
This QIMMAA example provides an opportunity to clarify some ideas, in particular through a combined discussion with its high-temperature phase crystallizing in P2 1 /c (QIMMAA01 in the CSD), which displays a similarly halved cell (c 0 = c/2) as that found with MP in the QIMMAA analysis, which leads to a P2/c pseudo-space group. We recall that these latter operations are those internally linking the four moieties within the AU, and are independent of the real symmetry displayed by the crystal, which link different AUs with each other.
However, and in spite of this initial dissociation, sometimes these 'hidden' pseudosymmetries found within the AU of a particular Z 0 > 1 structure, may appear as a 'presage' of real symmetries further revealed by some phase transformation leading to a new phase (presumably of higher symmetry), with a lower Z 0 . A beautiful example of the sort has been reported by Boldyreva and co-workers (Drebushchak et al., 2011) , where three structures are concatenated via temperaturedriven phase transitions, in a Z 0 = 4 ! Z 0 = 2 ! Z 0 = 1 sequence, and where pseudosymmetries in one phase become real symmetries in the following higher symmetry phase. The case has been fully discussed in the original MP article (Baggio, 2019) .
But, on the other hand, this is not always the case, and phase transitions may be found which do not follow this path. This is seen in the present case for QIMMAA (P2 1 /n, Z 0 = 4), which transforms into QIMMAA01 (P2 1 /c, Z 0 = 2), but where the simple twofold axis linking in a pairwise fashion the molecules in the Z 0 = 4 AU of the low-temperature phase (QIMMAA) does not show up in the real SG of the high-temperature structure (QIMMAA01).
Conclusions
The fact that crystal packing is governed by some allowed combinations of symmetry operations, summarized in the 230 3D space groups, tells us that the symmetric disposition of molecules is more appropriate than a random chaotic one since it lowers the overall free energy and thus makes this massive arrangement of ca 10 15 identical units (in a small crystal!) more stable. We also know that they include some point-group symmetry operations (such as inversion, proper or improper rotations of the order 2, 3, 4 and 6) on one side, and some others derived from the translational symmetry characterizing crystals (viz. 2 1 , a-, b-, c-and n-glides, etc.). But what the surprising results summarized above seem to add to this story is that also in the very restricted realm of Z 0 > 1 asymmetric units (in the present analysis, Z 0 = 4), there is a tendency to adopt similar symmetric dispositions, sometimes in an incipient form (e.g. just a couple of molecules barely linked by a twofold-like relationship, as in Case studies 1 or 2 above), extending to extremely complex relationships which, even if in local terms and without the translational properties characterizing 3D space groups, tend to reproduce them sometimes in a rather coarse way (Case study 3), but with a surprising degree of accuracy in many others (Case study 4), as can be assessed from Figs. 4-7.
Some further surprising characteristics of this phenomenon reside in the kind (and number) of SGs found. Table 1 makes a comparison between the appearance statistics of the SGs as found in the CSD and in the 24 cases in this report.
There is one striking coincidence in that the top rank in both is occupied, with similar percents, by SG No. 14, and this may be one further validation point for the meaningfulness of the results presented. On the other hand, and contradicting these similarities, most of the remaining SGs found appear with a (much) larger occurrence than in the CSD (4 to 12% versus % < 1). We have no explanation for these contradictions, short of the small number of pseudo-SGs under consideration which does not allow any firm conclusion to be made. However, the results provide possible lines of action for future data-mining research.
In summary, the present study, performed on a reduced sampling of the whole Z 0 = 4 population in the CSD ($300 cases accounting for $7% of the 4861 entries in the database) showed that $8% of the analyzed sample (24 cases) presented PSs which resemble with surprising accuracy the disposition of real symmetry elements in 3D SGs.
The quantity and quality of the examples found allows speculation about the existence of profound reasons for this phenomenon of local SGs emulating real SGs in Z 0 > 1 (or, at research papers Acta Cryst. (2020). C76, 258-268
Ricardo Baggio Playing around with MP 267 least, in Z 0 = 4) structures. This makes the subject a fascinating one and certainly worthy of appropriate theoretical attention, something far beyond the scope of the present enumerative approach.
